Supplemental Experimental Procedures cDNAs, Plasmids, and Vectors
FAAP24 (GenBank accession number BC003535) cDNA was purchased from Geneservice Ltd (IMAGE clone number 3609326). EME2 cDNA was obtained by PCR amplification from ProQuest HeLa Cell cDNA library (Invitrogen) using the DNA oligonucleotides 5' ATGGCGCGGGTTGGAC 3' and 5' TCAGGA GCCCAGGTCCA 3' . EME2 contains the 5' and 3' ends of the gene prediction NM_001010865, but displays different splicing of exons 4, 5 and 6. ERCC1 and XPF cDNAs were PCR amplified from the SuperScript Human Testis cDNA library (Invitrogen) according to the ERCC1 and XPF sequences deposited in GenBank. EME1, FANCM and MUS81 cDNAs were obtained as described (Meetei et al., 2003; Meetei et al., 2005 Flag-tagged FANCM cDNA (wild type or K117R ATPase point mutant) was subcloned into the mammalian expression vector pIRESneo3 (Meetei et al., 2005) . The C-terminal deletion mutant of FANCM (referred to as FANCMdelC) was constructed by insertion of a stop codon before the Cterminal 200 amino acids of FANCM, such that the protein ends at amino acid
Protein Purification
HIS FANCM FLAG and HIS FANCM FLAG /FAAP24 were purified from 2 litres of Sf9 insect cells (10 6 cells/ml) infected with baculoviruses expressing either HIS FANCM FLAG or HIS FANCM FLAG /FAAP24 (multiplicity of infection approx 20). After 2 days at 27°C, cells were harvested and the pellet resuspended in 6 ml of FLAG buffer (50 mM Tris-HCl pH 7.5, 10% glycerol, 0.1% NP40 and 0.5 mM EDTA) supplemented with complete EDTA-free protease inhibitor cocktail (Roche). After 10 min on ice, 6 ml of FLAG buffer containing 500 mM KCl was added and the cells lysed with an "A" pestel (40 strokes) and sonicated 2 x 30 seconds using a Soniprep 150 sonicator. The whole cell extract was centrifuged for 1 hour at 35,000 rpm in a Beckman 70 Ti rotor. The supernatant was collected and the pellet resuspended in 20 ml of FLAG buffer containing 500 mM KCl (with protease inhibitor cocktail) for 1 hour at 4°C with constant agitation to extract chromatin-bound proteins. The supernatant was collected and pooled with the supernatant from the whole cell extract (the final KCl concentration was approximately 300 mM), and anti-FLAG M2 Affinity Gel Resin (750 µl; Sigma) was added and mixed overnight at 4°C. After washing with 5 x 20 ml of FLAG buffer containing 300 mM KCl, proteins were released from the beads using 5 x 750 µl elutions of FLAG buffer (without EDTA) supplemented with 0.5 mg/ml FLAG peptide (amino acid sequence DYKDDDDK). Each elution was continued for 1 hour under constant agitation. Peak fractions of HIS FANCM FLAG or HIS FANCM FLAG /FAAP24 were pooled and diluted 1:10 in Nickel buffer (50 mM Tris-HCl pH 7.5, 10% glycerol, 0.5% triton X-100, 500 mM KCl, and 1 mM β-mercaptoethanol) containing 5 mM imidazole. Pooled fractions were incubated with Nickel-NTA Agarose (300 µl; Qiagen) overnight at 4°C and then poured into a Biorad 10 ml disposable column. After washing with 50 column volumes (CV) of Nickel buffer containing 30 mM imidazole, bound HIS FANCM FLAG or HIS FANCM FLAG /FAAP24 were eluted with 10 x 300 µl of Nickel buffer containing 0.5 M imidazole. Peak fractions were dialyzed for 2 hours against 2 liters of storage buffer (50 mM Tris-HCl pH 7.5, 10% glycerol, 200 mM KCl, 1 mM DTT and 0.5 mM EDTA) and aliquots were stored at -80°C.
HIS FAAP24 was purified from E. coli BL21-CodonPlus (DE3)-RIL (Stratagene) carrying pET28-HIS FAAP24. Cells (1 litre) were grown at 30°C to an OD 600 = 0.6 and were induced with 1 mM IPTG for 5 hours. The cell pellet was lysed in 10 ml Talon buffer (50 mM Tris-HCl pH 7.5, 10% glycerol, 0.01% NP40, 500 mM KCl and 1 mM β-mercaptoethanol) containing 5 mM imidazole and complete EDTA-free protease inhibitor cocktail. The cell lysate was supplemented with 1 ml of 10x BugBuster (Novagen) and 100 mg of lysozyme and the mixture incubated at 4°C for 2 hours under constant agitation. Following centrifugation for 1 hour at 35,000 rpm in a Beckman 70.1 Ti rotor, the clear supernatant was incubated for 2 hours at 4°C with 1 ml Talon metal affinity resin (BD Bioscience). After 6 x 10 ml washes of the Talon resin with Talon buffer supplemented with 40 mM imidazole, the resin was poured into a Biorad 10 ml disposable column and proteins were eluted from beads with 6 x 0.5 ml Talon buffer supplemented with 0.5 M imidazole. The peak fractions of HIS FAAP24 were diluted 1:10 in SP buffer (50 mM phosphate buffer pH 6.5, 10% glycerol, 0.5 mM EDTA and 1 mM DTT) and loaded on a Biorad disposable column containing 1 ml SP sepharose Fast Flow resin (Amersham Biosciences). After 10 CV with SP buffer supplemented with 0.1 M KCl, HIS FAAP24 was eluted with 5 x 0.5 ml SP buffer supplemented with 1.5 M KCl. Peak fractions of HIS FAAP24 were dialyzed for 5 hours against 4 liters of storage buffer and aliquots were frozen at -80°C. The final yield of HIS FAAP24 was 450 µg.
FANCM and FANCM 1727-2048 /FAAP24 were purified from E. coli BL21-CodonPlus (DE3)-PR (Stratagene) carrying pGex-GST FANCM or pGex-GST FANCM 1727-2048 / HIS FAAP24. Cells (1 liter) were grown at 30°C to an OD 600 = 0.6 and induced with 0.1 mM IPTG for 5 hours. The cell pellet was lysed in 10 ml GST buffer (50 mM Tris-HCl pH 7.5, 10% glycerol, 0.5% triton X-100, 0.5 M KCl, 1 mM DTT and 1 mM EDTA) supplemented with protease inhibitor cocktail, 1 ml of 10x BugBuster and 100 mg of lysozyme. The mixture was incubated at 4°C for 2 hours under agitation and centrifuged for 1 hour at 35,000 rpm in a Beckman 70 Ti rotor. The clear supernatant was mixed with 0.5 ml of GST-sepharose 4 Fast Flow beads (Amersham Biosciences) for 2 hours at 4°C, and the beads were washed with 6 x 10 ml GST buffer and 2 x 10 ml PBS. Proteins were eluted from the GST beads using 450 µl of PBS containing 50 units of thrombin (Amersham Biosciences). The cleavage reaction was carried out for 4 hours at 4°C, followed by two additional elutions. FANCM 1727-2048 /FAAP24 was dialysed for 2 hours against 4 liters of storage buffer and aliquots were frozen at -80°C. FANCM 1727-2048 was diluted 1:5 in SP buffer, loaded on a 1 ml HiTrap SP sepharose column and washed with 10 CV of SP buffer supplemented with 0.1 M KCl. Proteins were eluted with 10 ml of SP buffer supplemented with 1.5 M KCl, dialyzed for 3 hours against storage buffer and aliquots were frozen at -80°C. The final protein yields were 120 µg FANCM 1727-2048 and 750 µg FANCM 1727-2048 /FAAP24. FANCM 1799-2048 /FAAP24 was purified by a similar method to FANCM and FANCM 1727-2048 /FAAP24. Rosetta E. coli pLysS carrying pGex-GST FANCM 1799-2048 / HIS FAAP24 cells (1 liter) were grown at 37°C to an OD 600 = 0.4 and induced with 0.1 mM IPTG at 18°C for 16 hours. A low salt buffer (100 mM NaCl, 20 mM Tris-HCl pH 8.0, 0.4 mM β-mercaptoethanol) was used throughout, and supplemented with protease inhibitors for the lysis step. The cleared lysate was incubated with glutathione-sepharose 4B beads for two hours. The proteins were eluted from washed beads by supplementing the buffer with 20 mM glutathione, and the eluate mixed with 150 µl Ni-NTA agarose for 2 hours. Proteins were cleaved from washed beads using thrombin. Further purification was carried out by size-exclusion chromatography using a superdex 75 column. Fractions containing FANCM 1799-2048 /FAAP24 were pooled and concentrated to approximately 12 mg/ml. Glycerol was then added to give a final buffer concentration of 85 mM NaCl, 17 mM Tris-HCl pH 8, 0.34 mM β-mercaptoethanol, 15% glycerol. Aliquots were flash frozen in liquid nitrogen and stored at -80°C.
MUS81/ HIS EME1 and MUS81/ HIS EME2 were purified as previously described for MUS81/ HIS EME1 (Ciccia et al., 2003) .
DNA Binding Assays
For band-shift assays, reactions (10 µl) contained 5'-32 P-labelled DNA substrate (approximately 3 ng) in gel retardation buffer (25 mM triethanolamine-HCl, pH 7.5, 5 mM EDTA and 6% glycerol). All DNA substrates had a common 5'-32 P-labelled oligo 1, as described (Ciccia et al., 2003) . dsDNA was obtained by annealing oligo 1 to its complement ( 5' GGGTGAACCTGCAGGTGGGCAAAGATGTCCTAGCAATCCATTGGTGAT CACTGGTAGCGG 3' ). The splayed-arm, 3'-flap and replication fork substrates are described elsewhere (Ciccia et al., 2003) . All substrates were purified by gel electrophoresis. Reactions were initiated by the addition of HIS FAAP24 (2.5 µM), FANCM 1727-2048 (0.5 µM) or FANCM 1727-2048 /FAAP24 (0.5 µM). Reactions for HIS FAAP24 were supplemented with 150 mM KCl and 50 ng/µl poly [dIdC] . After incubation at 4°C for 30 minutes, reactions were loaded on a 6% neutral polyacrylamide gel prepared in 0.5x TBE buffer. Gels were run in 0.5x TBE buffer at 120 V for 140 minutes at 4°C. Labeled DNA products were detected by autoradiography.
Fluorescence polarization anisotropy experiments were carried out using an oligonucleotide substrate containing 5'-6FAM fluorescent labels (Sigma Genosys UK). The ssDNA substrate had the sequence 5'-6FAM-CCGGTGGCCAGCGCTCGGCGT (20) whilst the dsDNA comprised this oligo annealed to 5'-A (20) CGCCGAGCGCTGGCCACCGG. Both are 40 nt in length and identical to those used to characterize ERCC1/XPF (Tsodikov et al., 2005) .
The splayed arm substrate consisted of 5'6FAM-T (30) CGCCGAGCGCTGGCCACCGGTCCGGTGGCCAGCGCTCGGCGT (30) . The 3'-flap substrate was identical to that used for the band shift assay, with a 5'6FAM label. Substrates were annealed by heating to 95°C, followed by slow cooling. DNA binding affinities were measured using a TECAN SAFIRE-2 and the data analyzed by curve fitting to the equation A=Af+((Ab-Af)*(L/K D +L)) using GRAFIT software where A=anisotropy, L=protein concentration, Af=anisotropy when L=0, Ab=anisotropy at saturation, and K D is the apparent dissociation constant. Unbound fluorescently labeled DNA exhibits low polarization and rapid rotational diffusion, but once bound by protein they tumble slower and have a higher Fp anisotropy signal. The buffer composition for measurement was 25 mM Tris-HCl, pH 8.0, 20 mM NaCl, 2 mM MnCl 2 , 50 nM DNA, 0.1 mg/ml BSA. Measurements were performed in triplicate on at least two independent preparations.
Nuclease Assays
Reaction mixtures (20 µl) contained 5'-32 P-labelled synthetic splayed-arm and 3'-flap substrates (approx 3 ng) in 50 mM Tris-HCl pH 8.0, 5 mM MgCl2, 1 mM DTT and 100 µg/ml BSA. Reactions were initiated by the addition of purified MUS81/ HIS EME1, MUS81/ HIS EME2 or FANCM 1727-2048 /FAAP24. For these assays, FANCM 1727-2048 /FAAP24 was purified from E. coli STL5827 BL21-(DE3) ExoI -EndoI -(a gift from Robert Lloyd, Nottingham) carrying pGex-GST FANCM 1727-2048 / HIS FAAP24, according to the protocol described above. Following incubation for 30 minutes at 37°C, reactions were stopped and samples deproteinized by 15 minutes incubation in the presence of 2 mg/ml proteinase K and 0.4% SDS. Labeled DNA products were analyzed by electrophoresis through 10% neutral polyacrylamide gels followed by autoradiography.
Mammalian Two-Hybrid Analysis
Human embryonic kidney (HEK) 293 cells were plated onto 6-well plates. After 48h, the cells were transiently transfected with FAAP24 fused to the GAL-4 activation domain (pVP16; Clontech) and the indicated FA proteins fused to the GAL4 DNA binding domain (pM; Clontech), together with a GAL4-driven reporter plasmid (G5E1bLUC). The luciferase activity was monitored after 24h using a Dual-Luciferase Reporter Assay System (Promega) and a single tube luminometer (DLReady, Berthold Detection Systems), according to the manufacturer's instructions. Each experimental data set was performed in triplicate. Figure S1 . Sequence alignment of H. sapiens EME1, H. sapiens EME2 and H. sapiens MUS81. Sequence alignments were carried out as described in Figure 2A . The region with the highest homology between MUS81, EME1 and EME2 is highlighted by a red box. Figure S2 . Sequence alignment of the ERCC4 nuclease domains of H. sapiens FANCM, FAAP24, MUS81 and XPF. Sequence alignments were carried out as described in Figure 1B . The amino acids relating to the consensus nuclease motif are indicated in red. The corresponding residues of FANCM and FAAP24 that have diverged from the consensus sequence are represented in blue. a HeLa cells were transfected with siRNAs according to the protocol described in Materials & Methods. Metaphase preparations were examined for chromosomal aberrations as described earlier (Meetei et al. 2003b ). b Only chromatid-type aberrations were scored, as these are evidence for damage that has originated in the cell cycle preceding the metaphase (as opposed to chromosome-type damage which may have been generated many cell generations earlier). Chromatid interchange figures (triradials, quadriradials, and other interchange figures) were converted into break events assuming one interchange to represent two break events). Twenty five metaphases were evaluated per culture. c Significantly different from non-targeted siRNA + MMC (2-sample × 2 test, p<0.0005) and untransfected + MMC (p<0.005).
